PRELIMINARY

CANADIAN ENTITLEMENT DETERMINATION
FOR EARLY CLOSURE OF ARROW
1968-69

This study was made for the purpose of providing an estimate of the
incremental Canadian Entitlement to downstream power benefits during
1968-69 based on advancing the initial closure of Arrow from April 1, 1969,

to April 1, 1968,

The incremental Canadian Entitlement was computed by first computing
a total Canadian Entitlement for 1968-69 with both Arrow and Duncan in the
system, The stipulated Canadian Entitlement (191 mw Dependable Capacity
and 113 mw Average Energy) for 1968-69 from Columns 4 and 5 of Exhibit B
to the Canadian Entitlement Exchange Agreement was subtracted from the
computed total Entitlement to obtain the incremental Entitlement from

Arrow,

The Canadian Entitlement computations were based on procedures set out
in Annex B of the Treaty and in Articles VIII, IX, and X of the Protocol,

The incremental Canadian Entitlements due to the early closure of Arrow
were computed to be:

Dependable Capacity = 786 mw
Average Annual Energy= U436 avg, mw
The following tables and charts are attached and summarize the study,
Where possible, the illustrations are presented in the same format as used
in the November 1963 Technical Report of Work Group No., 1, titled "Determina-
tion of Canadian Downstream Power Entitlement,"

Table 1., Computations of Canadian Entitlement - 1968-69

The essential elements used in the computations of the
Canadian Entitlement as provided in Paragraphs 2 and 3 of
Annex B are shown in this table,

Table 2, Summary of Power Regulations for 1968-69 for the Computation
of Canadian Intitlement to Downstream Benefits from Early

Closure of the Arrow Project

This table summarizes the Step 1, 2, and 3 regulations by projects,
Capability data is the actual capability from the regulation studies
and do not reflect adjustments for encroachment,

Table 3, Determinations of Load Shape for Steps 2 and 3, 1968-69
Canadian Entitlement Computations

The load shape for Steps 2 and 3 carry the same ratio between each
month and the annual average as does the Pacific Northwest area




Table 4,

Table 5,

load, The Northwest area firm loads on this table were based
on the current forecast data. The Grand Coulee pumping load
is also included in this estimate,

The firm load for Steps 2 and 3 is computed as follows:
(1) Estimate the hydro prime power;
(2) Add the thermal from Step 1 less reserve;

(3) Multiply (2) by the ratio of the area annual average
firm load to the area critical peried firm load to
obtain the annual average firm load for Steps 2 and
3 (the ratio used in these studies were 0,97373 and
0,96621, respectively);

(4) Pro rate the average annual determined in (3) by
months in the ratio that each monthly area load
bears to the annual average area load; and

(5) Subtract the thermal in each month to obtain the
monthly firm hydro load. The average annual hydro
load for Steps 2 and 3 also becomes the firm energy
considered usable according to Annex B, Paragraph 3(a).

Estimated Distribution of Canadian Average Annual Energy
Entitlement

The 549 mw total gain in average annual usable energy was allocated
to each base system project in proportion to its average annual
gain, One-half of this allocation is the Canadian Energy Entitle-
ment from each project and is shown in Column (6),

The stipulated Canadian Entitlement for 1968-69 for each project
is shown in Column (6), These figures were taken from Exhibit A
to the Canadian Entitlement Allocation Agreement and are based on
Duncan only,

The Incremental Canadian Energy Entitlement by projects from early
closure of Arrow is shown in Column (8) and is equal to Column (6)
less Column (7).

Estimated Distribution of Canadian Dependable Capacity Entitlement

The total Canadian Dependable Capacity Entitlement of 977 mw was
allocated to each base system project in proportion to its gain
in prime power and is shown in Column (7)., The Stipulated
Canadian Entitlement for 1968-69 for Duncan only is shown in
Column (8), The Incremental Canadian Capacity Entitlement is
shown in Column (9) and is the difference between Columns (7)
and (8),



Chart 1 & 2

Secondary Energy Duration Curve, 1968-69, Steps 2 and 3

These charts are the duration curves of the secondary energy

for Steps 2 and 3., The secondary energy is the capability each
month which exceeds the firm hydro loads shown in Table 3. The
usable secondary energy shown in average megawatts for each

step is computed in accordance with Annex B, Paragraphs 3(b) and
3(c). The "other usable secondary" was computed on the basis of
40% of the remainder after thermal replacement, The thermal
replacement was limited to the existing conventional thermal
energy capability after allowance for reserve (433-22=411 mw)
since the NPR was assumed to be on dual purpose operation and

not replaceable,

The following tabulation shows the ordinate values for usable
secondary energy:

Step 2 SteE 3
Thermal replacement 411 411
Other 303 1,269
Total = mw 1,314 1,680

BPA - Branch of Power Resources
Power Capabilities Section
February 14, 1967



TABLE 1

COMPUTATION OF CANADIAN ENTITLEMENT
1968-69

Generation Figures are in Average Megawatts; Load Factors, in Percent

Determination of Dependable Capacity Credited to Canadian Storage

Critical Period Average Rate of Generation

Hith Cana.dia.n Stor‘agE, Step 2 @« e & ® & ® @ & 8 8 & & 8 & 8 & 8 @ 8.539
Without Canadian Storage, Step 3 . & & 2 o o o o s o o o s s s 7,088
Gain D‘Ue to Canadian Storage - - - . . . - . . L . L] . . L] . . . . l.uul
Estimated Average Critical Period Load Factor -- Percent . « « o« + & 73,788
Dependable Capacity Gain for Arrow and Duncan 1/ e o 0o o 0o 0o 0 v v 1,953
Canadian Share of Dependable Capacity for Arrow and Duncan . . . . . 977
Less Canadian Dependable Capacity Entitlement for Duncan 2/ i a =191
Canadian Incremental Dependable Capacity for Early Closure of Arrow 786
Determination of Increase in Averape Annual Usable Energy
Step 2 (with Canadian Storage)
Annual?imﬂydroﬂne!‘gy-..-........-......... 8'289
Thermal Replacement ENengy , « o « o o o 6 6 5 o 0 6 0 & s o & & s 312
Other Usable Secondar‘y E‘nerg}f ® s 8 ® & @ ® 8 8 B B B B @ 8 8 @ w 601
System Annual Average Usable ENErgy .« « o« + o o o s s » o s & 9,202
Step 3 (without Canadian Storage)
Annual Fl..m HYdI"O EDEI‘gY . - - . L] - - ] . [] . L] - L] L] L] L] . . L] L] 6’825
Thermal Replacement ENEIEY o« « « o o o o « o o s ¢ o o o s o o o o 3u7
Other Usable Secondar'y EnErgy & 8 & % 8 ® 8 & * 8 B & & ® 8 @ & @ 933
System Annual Average Usable ENErgy .« o« « + s « o o o o s o o 8,105
Average Annual Usable Energy Gain for Arrow and Duncan . « « « « « « 1,097
Canadian Share of Average Energy Gain for Arrow and Duncan . . . . . 549
Less Canadian Average Energy Entitlement for Duncan 2/s o 0 000 -113
Canadian Incremental Average Energy for Early Closure of Arrow . . T 436

1/ Dependable capacity gain credited to Canadian storage equals gain in critical period
average rate of generation divided by the estimated average critical period load
factor.

2/ From Exhibit B to the Canadian Entitlement Exchange Agreement,

BPA - BPR 2/14/67



BUMMARY OF POWER REGULATIONS FOR 1966-43
FOR THE

CONPUTATION OF CAMADLAN DNTITLEWDNT
T0 DOWNETREAM BINETITS FROM
EARLY CLOSURE OF THE DUNCAN PROJECT

TABLE 7

STEP 1 STEP 2 STEF 3
TrITIeAT Trivical TrIvICal
January Pariod Jenuary | Pariod Avearage January Pariod Avaruge
PROJECTS Paaking Average Usabls Panking | Average Annual Usable | Peaking Average Annual
Capabilityl Denaration |Storege | Capabilityl Genaretionf Ganerationf Storege [Cepability/Genaration | Ganeretion
ol L 1000 AP - - - 1000 Ar el e -~
CANADIAN
Duncan 1,%02 1,02
Arrow T, 1uu T, le
BASL TFEDERAL SYSTEM
Pungry Horse [ aze 3,161 m 188 3,008 Fal ] 119 100 | 3,008 278 212 101
Albani Falls 3 Lt 1,15% 2 23 1,15% n an au 1,153 23 5 24
Grand Coulss 142 2,294 | 5,237 2,283 1,808 5,072 1,269 1,1 1,964 | 5,072 2,11 1,29 1,747
Chisf Jossph 1% 1,280 1,280 " 1,780 L1 1,081 1,280 676 71
lce Harbor 3 310 10 18 310 167 231 30 169 231
NeNary 1w 1,127 1,127 i 1,127 563 EL H 1,127 w71 758
John Day “-9 1,087 1,087 800 1,087 823 366 1,087 688 926
e Ualles 14 1,286 1,206 107 1,286 595 %7 1,286 s8§ 900
Bonnevills 10 558 § WEE 558 L] 528 558 W16 S04
Mtot.l . m » - I Ll I: L} sl!!l . It”! Ilnlj L] "
BASE SYSTEM WOM-TEERAL
kootenay Lake (Canadian) L 3% &73 73
Karr 3 ies 1,219 179 132 1,219 i 182 12w | 1,219 178 151 124
Thospeen Falls [ L% 29 an 3 3 32 33 KL n
Noxon Rapids L] w30 231 N19 160 w30 170 220 430 178 220
Cabinet Gorge L] 230 0 103 30 106 131 230 i 131
Box Canyon - 79 kL 55 T8 58 57 79 61 57
Cosur D'Alens Lake and
Long Lake 27 23 i
Vells ic a0 220 %0 820 378 L1 E] B20 293 1]
Chelan 2 54 877 52 L2 E76 2 u7 N3 676 52 ug 43
Rocky Masch 1 815 1% 558 81 sag B54 815 K26 506
Rock lsland 10 159 158 154 158 153 a9 159 126 181
Wanapus 10 206 286 a6 906 u7s 628 986 370 591
Prisst Raplds 10 912 912 119 12 L1111 581 912 360 554
Brownles L] us50 980 w50 259 s as0 2817 283 aTu w50 269 284
Oxbow . 219 219 121 219 127 133 219 129 133
Subtotal TOT | TELTE hr . Pyt . TERI Tl T TG T.5EL 1
TOTAL BASL SYSTDM HYDRO 13,698 |22 385 13,583 8,615 | 21,546 13,587 8,539 10,132 (13,000 13,450 7,088 9,548
ADDITIONAL STEP 1 FROJLCTS
Boundary L) 632 832 355
Hells Canyon 3 2% w25 208
Spokene River Plants 153 149 [ 53
Pelten and Round Butte L) 278 398 184
Subtotal ™ il i
Indepandent Resources 1,579 5,463 3,755 1,735
TOTAL HYDRO RESOURCLS 18,911 (28,082 18,942 11,138
THERMAL RLSOURCLS
786 562
OTHERS L/ 553 433
TOTAL THERMAL RESOURCES 1,339 935
TOTAL RESDURCES (HYDRO AND THIRMAL) 20,281 12,133
RESERVES 2/ A% 2
RESOURCES AVAILABLE FOR LOAD 18,911 12,10
ESTINATED LOAD
Paclfic Northeest Area 16,151 10 648
Plus Canadian Entitlement _m Sug
SYSTEM LOAD 17,128 11,187
SURPLUS OR DEFICIT 1,783 918
CRITICAL PERICD
Starts e August 1936 Baptamber 1936 Saptember 16, 193&
Ends 3 April 15, 1937 April 15, 1837 April 15, 1937
Length (Months) : B-1/2 Moaths T=1/2 Mooths 7 Menitha
STUDY IDENTIFICATION 69-1 69-2 69-3

1/ Includes 786 ww peak and 567 ww snargy from NPR under dual purpose operation, %66 ww pesk and 391 ww snargy from existing thermal plants, and &7 mw
peax and 42 =w ensrgy from miscellansous contracts.

2/ Peah reserves are 8% of peak load; snergy reserves are 5\ of thermal plent anargy capability not including MPE.

BPA = Branch of Power Rescurces
February 14, 1967




Determination of Load Shape for Steps 2 and 3
1968-69 Canadian Entitlement Computations

Pacific Northwest Area Load Step 2 Step 3
Load Factor Total Thermal Hydro Total Thermal Hydro
Peak Avg. Percent Firm load Firm Load Firm Load Firm Load Firm Load Firm Loa
1/ 1/
July 12,492% 9,520 76,21 8,405 973 7,432 7,077 973 6,104
August 12,720% 9,727 76,47 8,588 973 7,615 7,213 973 6,258
Sept. 1-15 12,887% 9,588 74,40 8,u65 973 7,492 74127 973 6,154
Sept. 16-30 12,887% 9,588 74,40 8,465 973 7,u92 7,127 973 6,154
October 13,625% 9,958 73,09 8,792 973 7,819 7,402 973 6,429
November 14,869% 10,685 71.86 9,434 973 8,461 7,943 973 6,970
December 15,514% 11,272 72,66 9,952 973 8,979 8,379 973 7,406
January 16,151% 11,735 72.66 10,361 973 9,388 8,723 973 7,750
February 15,300% 11,393 74 .46 10,059 973 9,086 8,469 973 7,496
March 14,697% 10,958 74.56 9,675 973 8,702 8,146 973 7,173
Apr. 1-15 14,093% 10,449 74,14 9,226 973 8,253 7,767 973 6,794
Apr. 16-30 14,093% 10,499 74,50 9,270 973 8,297 7,804 973 6,831
May 13,918% 10,370 74,51 9,156 973 8,183 8,709 973 6,736
June 13,528% 10,260 75,84 9,059 973 8,086 7,627 973 6,654
Crit. Period Avg. 10,648 73.788 9,512 973 8,539 8,071 973 7,098
Annual Average 10,490 9,262 973 8,289 7,798 973 6,825
January Peak 16,151%
Step 1 Critical Period Aug,1936 - Apr,15, 1937 Critical Period Sept., 1936 = Critical Period Sept,16, 1936
Apr.15, 1937 Apr.15, 1937
8-1/2 Months 7-1/2 Months 7 Months

1/ Total firm load of Step 2 and Step 3 systems, computed for each system to have an average energy load equivalent
= to the average energy capability within the critical period and to bear a constant ratio, month by month, to the
Pacific Northwest Area Load.

€ T8Vl

% Figures so marked are peak megawatts. All other figures are monthly or semi-monthly energy in average megawatts.

BPA - BPR 2/14/67



ESTIMATED DISTRIBUTION OF
CANADIAN AVERAGE ANNUAL ENERGY ENTITLEMENT

1968-69
(Average Megawatts)
(1) (2) | (3) [(u) (5) (6) (7) (8)
Stipulated Stipulated
Average Annual Canadian Canadian Entitlement | Canadian Entitlement
Average Annual Energy| Usable Gain Average Energy for 1968-69 From Early
Projects Step 2 [Step 3 |[Gain Allocation Entitlement From Duncan Arrow Closure
Federal
Hungry Horse 100 100 - - -
Albeni Falls 24 24 - - -
Grand Coulee 1,964 | 1,747 | 217 406 203
Chief Joseph 1/ 1,102 | 1,010 92 172 86
Ice Harbor 231 231 | - - -
McNary 785 755 30 56 28
John Day 966 926 40 75 38
The Dalles 937 900 37 69 3y
Bonneville 523 504 19 36 18
Total Federal 6,632 | 6,197 | 435 81y 407 81 326
Non-Federal
o 124 124 - - -
Thompson Falls 33 33 - - -
Noxon Rapids 220 220 - - -
Cabinet Gorge 131 131 - - -
Box Canyon 57 57 ~ - -
Wells 1/ 45y 429 25 u7 2y 6 18
Rocky Reach 1/ 651 603 | u8 90 uS 10 35
Rock Island 1/ 235 224 | 11 21 10 2 8
Wanapum 1/ 563 528 | 35 65 33 7 26
Priest Rapids 1/ 570 538 32 60 30 7 23
Chelan 1/ - 46 u6 ~
Bronwlee 284 284 -
Oxbow 133 133 - . ___ . .
Total Non-Federal 3,501 | 3,350 | 151 283 142 32 110
TOTAL 10,133 | 9,547 586 1,097 549 113 436
1/ Energy capabilities are adjusted for encroachments, BPA-BPR

2/14/67
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ESTIMATED DISTRIBUTION OF
CANADIAN AVERAGE ANNUAL ENERGY ENTITLEMENT

1968-69
(Megawatts)
(1) @ @ [ | (6) 1) (8) (9)
Nom, Prime Stipulated Incremental
Power Gain Canadian Entitlement | Canadian Entitlement
Prime Power Allocation | Dependable Capacity for 1968-69 From Early
Projects Ttep 2 | step 3 | Galn Loss | To Project | Canadian Entitlement From Duncan Arrow Closure
g7 3/
Federal = -
Fungry Horse 199 212 - 13 -
Albeni Falls 2y 25 - 1 -
Grand Coulee 1,741 | 1,292 449 - 434 294
Chief Joseph 1/ 932 717 215 - 208 141
Ice Harbor 167 169 - 2 - -
McNary 563 u71 92 - 89 60
John Day 823 688 135 - 131 89
The Dalles 695 588 107 - 103 70
Bonneville 480 416 64 - 62 . . ——
Total Federal 5,624 4,578 | 1,062 16 1,027 696 131 565
Non-Federal
rT 142 151 - 9 - -
Thompson Falls 36 38 - 2 - -
Noxon Rapids 170 178 - 8 - -
Cabinet Gorge 106 111 - 5 - -
Box Canyon 58 61 - 3 - -
Wells 1/ 333 252 81 - 78 53 11 42
Rocky Reach 1/ 543 u23 120 116 79 17 62
Rock Island I/ 247 211 36 - 3s 24 5 19
Wanapum 1/ 400 301 99 - 96 65 14 51
Priest Rapids 1/ 436 34y 92 - 89 60 13 47
Chelan 1/ 50 52 - 2 - -
Brownlee 267 269 - 2 - -
Total Non-Federal 2,915 | 2,520 428 33 41y 281 60 221
TOTAL 8,539 | 7,098 | 1,430 ue | 1,481 977 191 786
1/ Energy Capabilities are adjusted for encroachments,
1441
2/ MNominal Power Gain Allocation to Project = Prime Power Gain X 1890
3/ One Half Depend. Cap. Gain = Nom, Prime Pwr, Allocatiom X —921
- 1441 BPA-BPR

2/14/67
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